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DEFINITION OF TERMS 
Standard Deviation* The random differences between spectrographs 
and chemical analyses are measured by the standard deviation, S, which 
is defined mathematically as 
where x = the value of an individual spectrographs results 
n = number of comparisons 
x = arithmetic mean of the spectrographs results 
Coefficient of Variation* The coefficient of variation is simply the 
standard deviation expressed as a percentage of the arithmetic mean, i.e. 
V - 100 s 
x 
Mean Deviation. The mean deviation is defined as the arithmetic mean of 
the deviations from the mean, all taken with the positive sign. 
n 
Index Point. The index point is defined as the percentage read on the 
spectrographs working curve where the ratio is equal to unity. 
A CRITICAL STUDY OF THE COPPER SPARK 
METHOD OF SPECTROGRAPHS ANALYSIS 
I PURPOSE OF THE INVESTIGATION 
The u s e o f c o p p e r e l e c t r o d e s i n s p e c t r o g r a p h s l a b o r a t o r i e s h a s 
b e e n known f o r a number o f y e a r s , t h e p r i n c i p l e a d v a n t a g e b e i n g t o a v o i d 
i n t e r f e r e n c e f r o m c y a n o g e n b a n d s . T h e r e f o r e , w h i l e t h e p r i n c i p l e o f t h e 
c o p p e r s p a r k m e t h o d a s a n a n a l y t i c a l p r o c e d u r e i s n o t new, t h e q u e s t i o n 
o f t h e a c c u r a c y o f t h e m e t h o d , a s a q u a n t i t a t i v e s p e c t r o c h e m i c a l t e c h n i q u e , 
h a s n o t b e e n s u f f i c i e n t l y e x p l o r e d . 
R u s s e l l 1 r e p o r t s t h a t t h e c o p p e r s p a r k m e t h o d i s u s e f u l f o r t h e 
a n a l y s i s o f s o l u t i o n s i f a h i g h d e g r e e o f a c c u r a c y i s n o t n e c e s s a r y and 
s t a t e s t h a t t h e p r o c e d u r e i s c a p a b l e o f d e t e c t i n g on t h e o r d e r o f 0 . 0 0 1 mg. 
o f a n e l e m e n t w i t h a n e r r o r o f ± 1 0 $ . H o w e v e r , R u s s e l l o f f e r s no d a t a t o 
s u b s t a n t i a t e h i s e s t i m a t i o n o f t h e e r r o r t o be e x p e c t e d a n d , h e n c e , f u r t h e r 
work on t h i s i m p o r t a n t q u e s t i o n was f e l t n e c e s s a r y . S i n c e one o f t h e c h i e f 
f e a t u r e s o f t h e m e t h o d i s i t s u n i v e r s a l i t y , t h e q u e s t i o n o f t h e a c c u r a c y 
t o b e e x p e c t e d i s o f c o n s i d e r a b l e i n t e r e s t . T h e r e f o r e , t h e p u r p o s e o f t h e 
p r e s e n t work i s t o make a c r i t i c a l s t u d y o f t h e m e t h o d w i t h r e s p e c t t o 
p r e c i s i o n and a c c u r a c y . I n o r d e r t o d o t h i s , i t w a s d e c i d e d t o p r e p a r e 
s t o c k s o l u t i o n s o f n i c k e l i n a n i r o n s o l u t i o n a n d a n a l y z e t h e s e b y t h e 
c o p p e r s p a r k m e t h o d . The a c c u r a c y o b t a i n e d i n t h i s way was t o be c o m p a r e d 
R. G. R u s s e l l , " E m i s s i o n S p e c t r o s c o p y i n a n O i l L a b o r a t o r y " , 
A n a l y t i c a l C h e m i s t r y , 2 0 : 2 9 6 , ( 1 9 4 8 ) 
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w i t h t h e a c c u r a c y o b t a i n e d b y a n a l y z i n g f o r n i c k e l i n s t e e l u s i n g N a t i o n a l 
B u r e a u o f S t a n d a r d s s a m p l e s . The l a t t e r d e t e r m i n a t i o n was t o b e c a r r i e d 
o u t b y t h e c o n v e n t i o n a l s p e c t r o c h e m i c a l m e t h o d and i s c o n s i d e r e d t o be o n e 
o f t h e m o s t p r e c i s e o f a l l s p e c t r o c h e m i c a l d e t e r m i n a t i o n s . 
T h e r e f o r e , t h e o b j e c t i v e s t o be g a i n e d i n u n d e r t a k i n g t h i s s t u d y 
o f t h e c o p p e r s p a r k m e t h o d a r e two f o l d . The f i r s t o b j e c t i v e i s t o f i n d 
t h o s e e x p e r i m e n t a l c o n d i t i o n s w h i c h y i e l d t h e m o s t p r e c i s e r e s u l t s . The 
s e c o n d o b j e c t i v e i s t o o b t a i n a n e s t i m a t i o n o f t h e a c c u r a c y a n d p r e c i s i o n 
o f t h i s m e t h o d a s compared w i t h t h a t o b t a i n e d i n a v e r y f a v o r a b l e c a s e , 
n a m e l y , t h e d e t e r m i n a t i o n o f n i c k e l i n N a t i o n a l B u r e a u o f S t a n d a r d s s t e e l 
s a m p l e s . 
F . H a s l e r and J . V / . Kemp, " S p e c t r o c h e m i c a l A n a l y s i s o f M e t a l s 
w i t h t h e M u l t i s o u r c e U n i t " , J o u r n a l O p t i c a l S o c i e t y o f A m e r i c a , 3 4 : 2 1 ( 1 9 4 4 ) 
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I I INTRODUCTION 
The c o p p e r s p a r k m e t h o d o f s p e c t r o c h e m i c a l a n a l y s i s u n d e r i n ­
v e s t i g a t i o n i n t h i s work w a s f i r s t p r o p o s e d h y F r e d , N a c h t r i e b , and 
T o m k i n s . 3 The p u r p o s e o f t h e s e a u t h o r i t i e s i n s u g g e s t i n g t h i s m e t h o d 
was t o p r e s e n t a means b y w h i c h a n y s a m p l e c a n be s u c c e s s f u l l y a n a l y z e d 
u s i n g s t a n d a r d s p e c t r o g r a p h s e q u i p m e n t . The o n l y r e q u i r e m e n t n e c e s s a r y 
i n a p p l y i n g t h i s t e c h n i q u e i s t h a t t h e s a m p l e u n d e r i n v e s t i g a t i o n m u s t 
be o b t a i n a b l e i n a h y d r o c h l o r i c a c i d s o l u t i o n , 
E s s e n t i a l l y , t h e m e t h o d c o n s i s t s o f e v a p o r a t i n g a g i v e n s m a l l 
v o l u m e o f s o l u t i o n o n t h e t i p o f p u r e c o p p e r e l e c t r o d e s . A f t e r c o m p l e t e 
e v a p o r a t i o n h a s t a k e n p l a c e , t h e e l e c t r o d e s a r e t h e n s p a r k e d i n s u c h a 
f a s h i o n t h a t t h e e v a p o r a t e d f i l m o n t h e e l e c t r o d e s i s v o l a t i z e d and 
e x c i t e d . 
T h e r e f o r e , t h i s p r o c e d u r e o f f e r s a n e s a y m e t h o d f o r t h e r a p i d 
a n a l y s i s o f s o l u t i o n s w h i l e i n n o way s a c r i f i c i n g t h e s e n s i t i v i t y o f t h e 
s p e c t r u m o b t a i n e d . T h i s m e a n s t h a t v e r y s m a l l s a m p l e s c a n be h a n d l e d . 
H o w e v e r , t h e e x t r e m e s e n s i t i v i t y o f t h e m e t h o d p r o v e s t o be a d i s a d ­
v a n t a g e f r o m t h e p o i n t o f v i e w o f c o n t a m i n a t i o n . T h i s i s e s p e c i a l l y t r u e 
f o r many o f t h e more common e l e m e n t s s u c h a s c a l c i u m , m a g n e s i u m , a n d 
s o d i u m . I n o r d e r t o s u c c e s s f u l l y a n a l y z e f o r t h e s e e l e m e n t s , e l a b o r a t e p r e ­
c a u t i o n s m u s t be t a k e n t o e l i m i n a t e c o n t a m i n a t i o n . The s e n s i t i v i t y o f t h e 
m e t h o d i s d i s c u s s e d i n t h e a r t i c l e by F r e d , l l a c h t r i e b , a n d T o m k i n s . 4 
^ F r e d , N a c h t r i e b , a n d T o m k i n s , " S p e c t r o c h e m i c a l A n a l y s i s b y t h e 
Copper S p a r k l l e t h o d " , J o u r n a l O p t i c a l S o c i e t y o f A m e r i c a , 3 7 : 2 7 9 , ( 1 9 4 7 ) 
^ L o c . c i t . 
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III APPARATUS 
The grating spectrograph,53 Multisource unit, 0* 7 and comparator-
dens itometer8 used in this work were those manufactured by A. R. L.-
Dietert. The spectrograph covered the range from 2300 A to 4300 A with 
a uniform dispersion of 7 A per mm. in the first order. The Multisource 
was adjusted to spark excitation and the exposures were made under the 
following conditions: 
The upper electrode was negative in all cases. 
The filters used with the solutions were numbers 1 and 6 which 
allowed approximately 32$ of the light produced to enter the spectro­
graph. The exposure time used under these conditions was 14 seconds. 
The filters used with the National Bureau of Standards samples 
were numbers 1 and 5 which allowed 85$ of the light to be utilized. 
The exposure time, including 5 seconds prespark, was 20 seconds. 
5
 M. F. Hasler and R. V/. Lindhurst, "Spectrograph for Rapid Industrial 
Application", Metal Progress, 30: 59, (1936) 
6
 M. F. Hasler and H. V/. Dietert, "A New Spectroscopic Source Unit", 
Journal Optical Society of America, 33: 218, (1943) 
7
 M. F. Hasler and J. W. Kemp, "Spectrochemical Analysis of Metals 
with the Multisource Unit", Journal Optical society of America, 34: 21,(1944) 
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F o r t h e p u r p o s e o f f a c i n g t h e e l e c t r o d e s , a l a t h e was u s e d a t 
t h e b e g i n n i n g o f t h e e x p e r i m e n t a l w o r k . T h i s , o f c o u r s e , was a very-
e f f e c t i v e means f o r c u t t i n g a s m o o t h f a c e o n t h e e l e c t r o d e s . H o w e v e r , 
t h i s p r o c e d u r e was d i s a d v a n t a g e o u s f r o m t h e s t a n d p o i n t o f t h e t i m e 
r e q u i r e d f o r c u t t i n g 2 8 e l e c t r o d e s . T h e r e f o r e , i n o r d e r t o s a v e t i m e , 
i t was i m p e r a t i v e t h a t a n o t h e r m e t h o d be f o u n d f o r t h i s o p e r a t i o n . 
A u n i q u e d e v i c e was c o n s t r u c t e d f o r t h i s p u r p o s e w h i c h p r o v e d 
t o be q u i t e r a p i d w h i l e i n no way was t h e r e a l o s s i n t h e s m o o t h s u r f a c e 
o b t a i n e d o n t h e e l e c t r o d e s . T h i s d e v i c e c o n s i s t e d o f a 1 / 4 h o r s e p o w e r 
m o t o r e q u i p p e d w i t h a n a d a p t e r f o r h o l d i n g a d i s c o p e r a t i n g o n a 1 / 2 i n c h 
s h a n k . The d i s c was 3 / 8 i n c h e s t h i c k w i t h a d i a m e t e r o f 4 i n c h e s . On t h e 
d i s c was a t t a c h e d 1 / 0 s a n d p a p e r w i t h t h e a i d o f G a s c o C a s e i n g l u e . 
The m o t o r was m o u n t e d o n a 1 i n c h b y 6 i n c h c o l d - r o l l e d s t e e l 
p l a t e . A r i g h t a n g l e p i e c e , on w h i c h a t o n g u e h a d b e e n c u t , w a s a l l o w e d 
t o s l i d e o n t h e p l a t e b y means o f a T - s l o t . The r i g h t a n g l e p i e c e was 
h e l d i n p l a c e i n t h e T - s l o t w i t h t h e a i d o f a T - h e a d e d b o l t and a w i n g n u t . 
I n o r d e r t o h o l d t h e e l e c t r o d e s i n p l a c e , a 1 / 4 i n c h h o l e was r e a m e d 
i n t h e c e n t e r o f t h e r i g h t a n g l e p i e c e i n s u c h a way a s t o s t r i k e t h e 
c e n t e r o f t h e d i s c . I n t h i s w a y , t h e e l e c t r o d e s c o u l d be moved f r o m t h e o u t ' 
e r e n d o f t h e d i s c t o t h e c e n t e r a s t h e s a n d p a p e r was c o n s u m e d . Once t h e 
s a n d p a p e r h a d b e e n c o n s u m e d , i t was r e a d i l y r e m o v e d f r o m t h e d i s c b y w e t ­
t i n g t h e s u r f a c e w i t h w a t e r . Mew s a n d p a p e r c o u l d be q u i c k l y a t t a c h e d t o t h e 
d i s c w i t h t h e g l u e m e n t i o n e d a b o v e . 
By u s i n g t h i s d e v i c e , a p p r o x i m a t e l y t w e n t y m i n u t e s c o u l d be s a v e d 
i n f a c i n g t h e 2 8 e l e c t r o d e s . 
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The o n l y p o s s i b l e o b j e c t i o n w h i c h m i g h t a r i s e t o t h e a b o v e 
m e n t i o n e d a p p a r a t u s i s i f a q u a l i t a t i v e d e t e r m i n a t i o n o f s i l i c o n i s 
d e s i r e d . I t i s o b v i o u s t h a t t r a c e s o f s i l i c o n a r e a l m o s t s u r e t o be 
d e p o s i t e d o n t h e f a c e o f t h e e l e c t r o d e s a s t h e y come i n c o n t a c t w i t h 
t h e s a n d p a p e r . T h e r e f o r e , t h i s d e v i c e i s n o t recommended when a n a n a l y ­
s i s o f a s a m p l e c o n t a i n i n g s i l i c o n i s t o be p e r f o r m e d . H o w e v e r , i t 
m i g h t be p o i n t e d o u t t h a t t h i s o b j e c t i o n d i d n o t a r i s e i n c o n n e c t i o n 
w i t h t h e work c o n t a i n e d i n t h i s r e p o r t . 
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IV PHOTOGRAPHY 
E a s t m a n s p e c t r u m a n a l y s i s H o . 1 f i l m w a s u s e d t o p h o t o g r a p h 
t h e u l t r a v i o l e t s p e c t r u m . The f i l m w a s d e v e l o p e d f o r 3 m i n u t e s i n 
E a s t m a n D - 1 9 d e v e l o p e r , immersed i n a 3 $ a c e t i c a c i d s o l u t i o n s h o r t ­
s t o p f o r 3 0 s e c o n d s , f i x e d i n E a s t m a n X - r a y f i x i n g h a t h f o r 1 m i n u t e , 
and w a s h e d f o r 5 m i n u t e s i n c i r c u l a t i n g w a t e r . M e c h a n i c a l a g i t a t i o n 
f o r p r o c e s s i n g t h e f i l m w a s p r o v i d e d i n t h e A . R. L . - D i e t e r t f i l m 
d e v e l o p i n g m a c h i n e . 9 
The f i l m w a s c a l i b r a t e d b y u s e o f t h e t w o - s t e p f i l t e r , p r e l i m i ­
n a r y c u r v e m e t h o d . 1 0 
9 J . S c h u c h , " F i l m a n d P l a t e P r o c e s s i n g E q u i p m e n t " , J o u r n a l O p t i ­
c a l S o c i e t y o f A m e r i c a , 3 2 : 1 1 6 , ( 1 9 4 2 ) 
1 0 J . R. C h u r c h i l l , " T e c h n i q u e s o f Q u a n t i t a t i v e S p e c t r o g r a p h s 
A n a l y s i s " , I n d u s t r i a l E n g i n e e r i n g C h e m i s t r y , . a n a l y t i c a l E d i t i o n , 1 6 : 
6 5 3 , ( 1 9 4 4 ) 
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V PREPARATION OF SOLUTIONS 
S o l u t i o n s c o n t a i n i n g n i c k e l a n d i r o n i n v a r y i n g a m o u n t s w e r e 
p r e p a r e d . " B a k e r 1 s A n a l y z e d " F e C l 3 6H 20 a n d NigOg w e r e u s e d a s t h e 
s o u r c e o f i r o n a n d n i c k e l r e s p e c t i v e l y . A n i c k e l s o l u t i o n c o n t a i n i n g 
0 . 0 0 1 gm. N i p e r m l . was p r e p a r e d b y d i s s o l v i n g a w e i g h e d amount o f 
n i c k e l i c o x i d e i n 0 . 1 N h y d r o c h l o r i c a c i d . An i r o n s o l u t i o n w a s p r e p a r e d 
i n a l i k e m a n n e r , b u t due t o t h e h y d r o s c o p i c n a t u r e o f t i i e f e r r i c c h l o r i d e 
u s e d , a c h e m i c a l a n a l y s i s w a s f e l t n e c e s s a r y t o d e t e r m i n e i t s t r u e 
c o m p o s i t i o n . 
The c h e m i c a l a n a l y s i s o f t h e i r o n s o l u t i o n w a s p e r f o r m e d b y m a k i n g 
d u p l i c a t e q u a n i t a t i v e d e t e r m i n a t i o n s . E a c h s a m p l e o f t h e i r o n s o l u t i o n , 
w h i c h w a s s u b j e c t e d t o t h e c h e m i c a l a n a l y s i s , c o n t a i n e d 1 0 m l . e a c h . 
T h e s e s a m p l e s w e r e t h e n d i l u t e d w i t h s u l f u r i c a c i d , and w e r e e v a p o r a t e d 
t o f u m e s o f s u l f u r i c a c i d t o remove a n y c h l o r i d e i o n s t h a t m i g h t i n t e r ­
f e r e w i t h t h e s u b s e q u e n t t i t r a t i o n . A f t e r t h i s o p e r a t i o n had b e e n c o m ­
p l e t e d , t h e i r o n w a s r e d u c e d f r o m t h e f e r r i c t o t h e f e r r o u s s t a t e w i t h 
t h e a i d o f 2 0 m e s h z i n c . A f t e r c o m p l e t e r e d u c t i o n h a d t a k e n p l a c e , t h e 
s a m p l e s w e r e d i l u t e d w i t h w a t e r , more s u l f u r i c a c i d a d d e d i n o r d e r t o 
make t h e s o l u t i o n a c i d i c a n d , f i n a l l y , t i t r a t e d w i t h p e r m a n g a n a t e s o l u t i o n 
w h i c h h a d b e e n s t a n d a r d i z e d a s 0 . 0 9 4 3 N. F o r t h e t w o s a m p l e s a n a l y z e d i n 
t h i s w o r k , 1 4 . 6 0 a n d 1 4 . 8 0 m l . o f p e r m a n g a n a t e s o l u t i o n w a s r e q u i r e d . 
Wi th t h i s i n f o r m a t i o n , a p p r o p r i a t e c a l c u l a t i o n s r e v e a l e d t h a t t h e i r o n 
c o n t e n t o f t h e s a m p l e s u n d e r i n v e s t i g a t i o n c o n t a i n e d 0 . 0 0 7 7 0 a n d 0 . 0 0 7 8 0 
g m . Fe p e r m l . r e s p e c t i v e l y , -un a v e r a g e o f t h e s e two f i g u r e s w a s t a k e n , 
a n d t h e f i n a l f i g u r e o f 0 . 0 0 7 7 5 gm. Fe p e r m l . was u s e d i n d e t e r m i n i n g 
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the percentage composition of the solutions described below. 
The nickel solution was diluted with nine volumes of 0.1 normal 
hydrochloric acid making the resultant concentration of the solution 
0.0001 gm. Ni per ml. 
It was desired to mix the two solutions described above in such 
a way as to produce stock solutions containing from 0.100$ to 0.400$ Ni. 
This was done by taking 32.30 ml. of iron solution and adding varying 
amounts of the nickel solution as shown below. 
Percent Nickel Volume of Volume of 
in Sample Fe Solution Ni Solution 
0.100% 32.30 ml. 2.50 ml. 
0.150 32,30 3.75 
0.200 32.30 5.00 
0.250 32.30 6.25 
0.300 32.30 7.50 
0.350 32.30 8.75 
0.400 32.30 10.00 
The approximate concentration of hydrochloric acid in the final 
solutions was 0.1 normal. This was the concentration recommended by 
Fred, Nachtrieb, and Tomkins. 1 1 
•Fred, Nachtrieb, and Tomkins, loc. cit. 
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V I E X P J ^ B M ^ A L TECHNIQUE 
The e l e c t r o d e s u s e d i n t h i s work w e r e q u a r t e r i n c h c o p p e r r o d s 
c u t i n t o l e n g t h s o f a p p r o x i m a t e l y t h r e e i n c h e s e a c h . I n o r d e r t o d e ­
c r e a s e t h e d a n g e r o f o x i d a t i o n , t h e f r e s h l y c u t e l e c t r o d e s w e r e p l a c e d 
i n a j a r c o n t a i n i n g e n o u g h "benzene t o k e e p t h e t i p s w e l l c o v e r e d . The 
e l e c t r o d e s w e r e k e p t i n t h i s m a n n e r u n t i l i t w a s c o n v e n i e n t t o u s e 
t h e m , b u t i n n o c a s e w e r e t h e e l e c t r o d e s a l l o w e d t o s t a n d f o r l o n g e r 
t h a n a t w e l v e h o u r p e r i o d b e f o r e u s e . 
F o r t h e p u r p o s e o f e v a p o r a t i n g t h e s o l u t i o n s o n t h e c o p p e r 
e l e c t r o d e s , a h o t p l a t e was f o u n d m o s t c o n v e n i e n t . I n o r d e r t o h o l d 
t h e e l e c t r o d e s i n a v e r t i c a l p o s i t i o n o n t h e h o t p l a t e , a s t e e l p l a t e 
4 b y 4 i n c h e s and 1 / 2 i n c h t h i c k i n w h i c h w e r e d r i l l e d 16 h o l e s o f 
s l i g h t l y g r e a t e r t h a n 1 / 4 i n c h d i a m e t e r w a s u s e d . By m a k i n g u s e o f 
t h i s a r r a n g e m e n t , a s o l u t i o n c o u l d be e v a p o r a t e d o n 1 6 e l e c t r o d e s s i m u l ­
t a n e o u s l y . W i t h t h e h o t p l a t e s e t o n t h e l o w p o s i t i o n , a t e m p e r a t u r e 
o f 140 d e g r e e s c e n t i g r a d e w a s r e g i s t e r e d a t t h e t i p o f t h e s e e l e c t r o d e s . 
T h i s i n f o r m a t i o n w a s o b t a i n e d i n t h e f o l l o w i n g w a y . F i r s t , a h o l e w a s 
d r i l l e d i n t o t h e f a c e o f an e l e c t r o d e w h i c h w a s b i g e n o u g h t o a l l o w t h e 
b u l b o f a t h e r m o m e t e r t o e n t e r . N e x t , t h i s h o l e w a s f i l l e d w i t h e n o u g h 
m e r c u r y t o c o m p l e t e l y s u r r o u n d t h e t h e r m o m e t e r b u l b . The e l e c t r o d e w a s 
t h e n p l a c e d o n t h e h o t p l a t e , t h e t h e r m o m e t e r f i x e d i n t h e c o r r e c t p o ­
s i t i o n , a n d a r e a d i n g o f 1 4 0 d e g r e e s c e n t i g r a d e r e c o r d e d . 
I m m e d i a t e l y a f t e r p l a c i n g e a c h e l e c t r o d e o n t h e h o t p l a t e , i t s t i p 
w a s c o v e r e d w i t h t h e s o l u t i o n u n d e r i n v e s t i g a t i o n . I n g e n e r a l , t h i s w i l l 
r e q u i r e a b o u t o n e t h i r t y - f i f t h o f a m l . , and t h i s amount c a n be m o s t 
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c o n v e n i e n t l y p l a c e d o n t h e e l e c t r o d e s b y m e a n s o f a m e d i c i n e d r o p p e r . 
F o r t h e O . I O C 7 0 n i c k e l s o l u t i o n p r e p a r e d i n t h i s w o r k , o n e t h i r t y - f i f t h 
o f a m l . w i l l c o n t a i n o n l y 0 . 0 7 m g . o f i r o n a n d 0 . 0 0 0 0 7 m g . o f n i c k e l . 
T h a t t h i s s m a l l amount c a n he d e t e c t e d e m p h a s i z e s t h e e x t r e m e s e n s i ­
t i v i t y o f t h e c o p p e r s p a r k m e t h o d . T h i s i s e s p e c i a l l y t r u e i n v i e w o f 
t h e f a c t t h a t t h e f i l t e r s u s e d a l l o w e d o n l y 32>a o f t h e l i g h t p r o d u c e d 
b y t h e s p a r k i n g t o be u t i l i z e d . 
F o r t h e p r e s e n t w o r k , e a c h e l e c t r o d e was h e a t e d f o r e x a c t l y 1 4 
m i n u t e s b e f o r e b e i n g r e m o v e d . T h i s a l l o w e d s u f f i c i e n t t i m e f o r t h e 
s o l u t i o n t o c o m p l e t e l y e v a p o r a t e and t h e d e p o s i t t o become t h o r o u g h l y 
d r y . I n g e n e r a l , t h e d r o p o f s o l u t i o n p l a c e d o n t h e e l e c t r o d e s w o u l d 
e v a p o r a t e s l o w l y w i t h l i t t l e t e n d e n c y t o b o i l o r r u n o v e r t h e s i d e s . 
The s p e c t r u m l i n e s c h o s e n f o r s t u d y i n t h i s work w e r e t h e i r o n 
l i n e a t 3 3 7 0 . 7 8 6 A and t h e n i c k e l l i n e a t 3 4 1 4 . 7 6 5 A . T h e s e p a r t i c u l a r 
l i n e s w e r e c h o s e n s i n c e t h e y f a l l n e a r t h e m i d d l e o f t h e s p e c t r u m 
p h o t o g r a p h e d , w e r e f r e e f r o m i n t e r f e r e n c e , and w e r e c l o s e t o g e t h e r . 
T h e s e two l i n e s c a n a l s o be c l a s s i f i e d a s a r c l i n e s a s c a n b e s e e n b y 
r e f e r e n c e t o t h e w e l l known M. I . T . Wave L e n g t h T a b l e s . 1 2 T h i s i n f o r ­
m a t i o n f r o m t h e M . I . T . T a b l e s i s g i v e n b e l o w . 
Wave L e n g t h s I n t e n s i t i e s 
a r c s p a r k 
3 0 0 2 0 0 
1 0 0 0 5 0 
3 3 7 0 . 7 8 6 A ( F e ) 
3 4 1 4 . 7 6 5 A ( N i ) 
A f t e r e a c h f i l m h a d b e e n p r o p e r l y e x p o s e d a n d d e v e l o p e d , t h e 
" ^ G r . R . H a r r i s o n , M a s s a c h u s e t t s I n s t i t u t e o f T e c h n o l o g y V/ave L e n g t h 
T a b l e s (New Y o r k : J o h n W i l e y & S o n s , 1 9 3 9 } 
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t r a n s m i s s i o n r e a d i n g s o f t h e i r o n l i n e and n i c k e l l i n e , a s m e a s u r e d 
w i t h t h e a i d o f t h e c o m p a r a t o r - d e n s i t o m e t e r , w e r e r e c o r d e d . W i t h t h e 
i n f o r m a t i o n made a v a i l a b l e i n t h i s m a n n e r , t h e r a t i o o f t h e i r o n l i n e 
t o t h e n i c k e l l i n e was d e t e r m i n e d b y m a k i n g u s e o f t h e f i l m c a l i b r a t i o n 
c u r v e . T h e s e r a t i o s w e r e t h e n s u b j e c t e d t o s t a t i s t i c a l t e s t s . 
B a c k g r o u n d c o r r e c t i o n s o n t h e t r a n s m i s s i o n r e a d i n g s m e n t i o n e d 
a b o v e w e r e n o t s i g n i f i c a n t e x c e p t when u s i n g t h e t w o s t e p f i l t e r w h i l e 
i n v e s t i g a t i n g t h e N a t i o n a l B u r e a u o f S t a n d a r d s s a m p l e s . I n t h i s c a s e , 
b a c k g r o u n d c o r r e c t i o n s w e r e made by s u b t r a c t i n g t h e b a c k g r o u n d i n t e n s i t y 
f r o m t h e t o t a l i n t e n s i t y , 1 3 
When t h e r e s u l t s f r o m more t h a n o n e f i l m w e r e t o b e c o m b i n e d , 
c a r e was t a k e n t o r u n a l l t h e s e f i l m s o n t h e same d a y . T h i s w a s done i n 
o r d e r t o e l i m i n a t e a n y e r r o r i n t r o d u c e d i n t o t h e f i n a l d a t a a s a r e s u l t 
o f a p o s s i b l e s h i f t i n t h e w o r k i n g c u r v e . 
The h u m i d i t y i n t h e s p e c t r o g r a p h room was k e p t c o n s t a n t a t a l l 
t i m e s e x c e p t d u r i n g t h e f i n a l week o f t h i s r e s e a r c h when t h e e f f e c t o f 
a c h a n g e i n h u m i d i t y was u n d e r i n v e s t i g a t i o n . F o r t h i s p u r p o s e , a C a r r i e r 
a i r c o n d i t i o n i n g m a c h i n e w a s u s e d . T h i s m a c h i n e m a i n t a i n e d t h e t e m p e r a t u r e 
a t a c o n s t a n t v a l u e o f 7 6 d e g r e e s f a h r e n h e i t , a n d t h e h u m i d i t y w a s f i x e d 
a t 7 8 $ , 
1 3 W . C. P i e r c e and N. H. N a c h t r i e b , " P h o t o m e t r y i n S p e c t r o c h e m i c a l 
A n a l y s i s " , I n d u s t r i a l E n g i n e e r i n g C h e m i s t r y , A n a l y t i c a l E d i t i o n , 1 3 ; 7 4 4 , 
( 1 9 4 1 ) 
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V I I RESULTS AND DISCUSSION 
The f o l l o w i n g r e s u l t s w e r e o b t a i n e d f o r t h e two o b j e c t i v e s o f 
t h i s r e s e a r c h , w i t h t h e i n t e r p r e t a t i o n s g i v e n b e l o w . 
D e t e r m i n a t i o n o f P r e c i s i o n . The f i r s t o b j e c t i v e o f t h e p r e s e n t r e s e a r c h 
on t h e c o p p e r s p a r k m e t h o d w a s t o f i n d t h o s e e x p e r i m e n t a l c o n d i t i o n s 
w h i c h , a f t e r s t a t i s t i c a l t e s t s h a d b e e n a p p l i e d , c o u l d be c o n s i d e r e d a s 
y i e l d i n g t h e m o s t p r e c i s e d a t a . I n o r d e r t o o b t a i n t h i s i n f o r m a t i o n , 
c e r t a i n v a r i a b l e s w e r e a l t e r e d , and t h e r e s u l t a n t d a t a , a c c u m u l a t e d 
u n d e r t h e c h a n g e d c o n d i t i o n s , w e r e e x a m i n e d . The s o l u t i o n s w e r e f i r s t 
r u n j u s t a s t h e y w e r e p r e p a r e d . N e x t , t h e e f f e c t o f d i l u t i o n w a s d e ­
t e r m i n e d . V a r i o u s r e a g e n t s w e r e u s e d f o r t h i s p u r p o s e , s u c h a s w a t e r , 
h y d r o c h l o r i c a c i d , a n d ammonium c h l o r i d e . The e f f e c t o f c h a n g i n g t h e 
c o n d i t i o n s u n d e r w h i c h t h e s p a r k was o b t a i n e d w a s a l s o s t u d i e d a s w e l l 
a s t h e e f f e c t o f a c h a n g e i n h u m i d i t y . 
The s t o c k s o l u t i o n s , c o n t a i n i n g f r o m 0 . 0 5 0 $ t o 1 . 0 0 0 $ N i w e r e 
f i r s t r u n j u s t a s t h e y w e r e p r e p a r e d , a n d t h e r e s u l t s o b t a i n e d a r e 
s h o w n b e l o w . 
The r a t i o s shown a b o v e a r e t h o s e u s i n g t h e 3 2 6 8 . 2 3 6 A i r o n l i n e 
and t h e 3 4 1 4 . 7 6 5 A n i c k e l l i n e . B a c k g r o u n d c o r r e c t i o n s w e r e made i n e v e r y 
c a s e . The r a t i o s o b t a i n e d i n t h i s m a n n e r w e r e t h e n p l o t t e d o n l o g - l o g 
p a p e r i n t h e h o p e t h a t a s t r a i g h t l i n e m i g h t be o b t a i n e d . A s t r a i g h t l i n e 
S o l u t i o n N o . o f Runs A v e r a g e R a t i o ( F e / N i ) 
1 . 0 0 0 $ 
0 . 8 0 0 
0 . 6 0 0 
0 . 4 0 0 
0 . 2 0 0 
0 . 1 0 0 








1 . 7 7 4 
1 . 3 1 0 
1 . 1 6 0 
1 . 0 1 0 
0 . 8 6 0 
0 . 3 4 2 
0 . 1 9 6 
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w a s n o t o b t a i n e d , and t h i s r e s u l t w a s , p e r h a p s , n o t t o o s u r p r i s i n g i n 
v i e w o f t h e f a c t t h a t t h e r e w e r e w i d e d i s c r e p a n c i e s i n t h e i n d i v i d u a l 
r a t i o s f o r t h e same s o l u t i o n . The f a c t t h a t a s t r a i g h t l i n e w a s n o t 
o b t a i n e d m i g h t b e a t t r i b u t e d t o a number o f c a u s e s . F i r s t o f a l l , t h e 
3 2 6 8 . 2 3 6 A l i n e u s e d f o r i r o n was l a t e r shown t o be a b a d c h o i c e s i n c e 
a c o p p e r l i n e a t 3 2 6 8 . 2 7 8 A m i g h t w e l l c a u s e i n t e r f e r e n c e . The s e c o n d 
p o s s i b l e r e a s o n why a s t r a i g h t l i n e was n o t o b t a i n e d m i g h t c o n c e i v a b l y 
b e due t o a n i n s u f f i c i e n t number o f r u n s h a v i n g b e e n m a d e . I n o t h e r 
w o r d s , a d d i t i o n a l r u n s o n t h e s o l u t i o n s m i g h t h a v e c h a n g e d t h e a v e r a g e 
r a t i o s o b t a i n e d and g i v e n a more a c c u r a t e a p p r o a c h t o t h e t r u e v a l u e . 
A f i n a l r e a s o n m i g h t l i e i n t h e p o s s i b i l i t y t h a t t h e s o l u t i o n s w e r e i n ­
a c c u r a t e l y p r e p a r e d c a u s i n g t h e t r u e c o m p o s i t i o n t o be e n t i r e l y d i f f e r ­
e n t f r o m t h e v a l u e s u s e d t o p l o t t h e c u r v e . 
I t m i g h t be a d d e d t h a t , a t t h i s e a r l y s t a g e o f t h e r e s e a r c h , n o 
a t t e m p t was made t o h e a t e a c h e l e c t r o d e a n e q u a l l e n g t h o f t i m e . L a t e r , 
i t was d i s c o v e r e d t h a t t h e manner i n w h i c h t h e e l e c t r o d e s w e r e t r e a t e d 
w h i l e o n t h e h o t p l a t e had a m a r k e d e f f e c t on t h e r a t i o s o b t a i n e d . D i s ­
r e g a r d o f t h i s f a c t , u n d o u b t e d l y , was t h e m a i n c a u s e f o r t h e w i d e d i s ­
c r e p a n c y o b t a i n e d i n t h e i n d i v i d u a l r a t i o s . 
I n a n y e v e n t , a new l i n e h a d t o be s e l e c t e d f o r i r o n t o a v o i d 
i n t e r f e r e n c e f r o m c o p p e r . A f t e r a t h o r o u g h s e a r c h w a s m a d e , t h e l i n e a t 
3 3 7 0 . 7 8 6 A was d e c i d e d u p o n a s b e i n g t h e m o s t s u i t a b l e s i n c e n o i n t e r ­
f e r e n c e o c c u r r e d a t t h i s wave l e n g t h . F u r t h e r m o r e , t h e i n t e n s i t y o f t h i s 
l i n e w a s s u i t a b l e , w i t h t h e g i v e n e x p o s u r e t i m e , t o o b t a i n a r e a s o n a b l e 
r a t i o when c o m p a r e d t o t h e n i c k e l l i n e . T h i s l i n e h a d t h e a d d i t i o n a l 
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a d v a n t a g e o f l y i n g c l o s e t o t h e c h o s e n n i c k e l l i n e , F o r t h e s e r e a s o n s , 
t h e 3 3 7 0 . 7 8 6 A i r o n l i n e was u s e d i n a l l s u b s e q u e n t w o r k . 
To e l i m i n a t e t h e p o s s i b i l i t y o f i m p r o p e r l y p r e p a r e d s o l u t i o n s , 
new s o l u t i o n s w e r e p r e p a r e d and s u b j e c t e d t o c h e m i c a l a n a l y s i s t o d e ­
t e r m i n e t h e i r c o n c e n t r a t i o n . 
The p o s s i b i l i t y o f t h e e x i s t e n c e o f i m p u r i t i e s i n t h e c o p p e r 
r o d s , e i t h e r i n h e r e n t i n t h e r o d s o r i n t r o d u c e d o n t h e l a t h e , was n o t 
o v e r l o o k e d . H o w e v e r , a n a n a l y s i s o f t h e r o d s , b e f o r e and a f t e r t h e y 
w e r e c u t on t h e l a t h e , shoY/ed n o t r a c e o f i r o n o r n i c k e l i m p u r i t i e s . 
The e f f e c t o f a c h a n g e i n v a r i a b l e s o n t h e p r e c i s i o n o b t a i n e d 
w a s b e s t d e t e r m i n e d b y a p p l y i n g s t a t i s t i c a l t e s t s . The t e s t s u s e d i n 
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t h i s work a r e t h o s e o u t l i n e d b y M a n d e l a n d D a v i e s , and i n v o l v e d t h e 
c o m p u t a t i o n o f t h e s t a n d a r d d e v i a t i o n and t h e c o e f f i c i e n t o f v a r i a t i o n . 
The r e s u l t s o b t a i n e d b y c h a n g i n g t h e v a r i a b l e s i n v o l v e d a n d 
a p p l y i n g t h e s t a t i s t i c a l t e s t s a r e b e s t s h o w n b y means o f T a b l e I 
g i v e n i n t h e A p p e n d i x , A s c a n b e s e e n f r o m t h i s t a b l e , t h e s o l u t i o n s 
i n v o l v e d w e r e a n a l y z e d b y d i l u t i n g w i t h v a r i o u s a m o u n t s o f d i s t i l l e d 
w a t e r and 0 , 1 H h y d r o c h l o r i c a c i d . F u r t h e r m o r e , f r o m a n e x a m i n a t i o n o f 
t h e s t a n d a r d d e v i a t i o n and c o e f f i c i e n t o f v a r i a t i o n o b t a i n e d , i t i s 
r e a d i l y s e e n t h a t t h e s o l u t i o n d i l u t e d w i t h f o u r v o l u m e s o f 0 , 1 N h y d r o ­
c h l o r i c a c i d c a n be c o n s i d e r e d a s g i v i n g t h e m o s t p r e c i s e r e s u l t s . 
X
* J . M a n d e l , " E f f i c i e n t S t a t i s t i c a l M e t h o d s i n C h e m i s t r y " , I n d u s ­
t r i a l E n g i n e e r i n g C h e m i s t r y . A n a l y t i c a l E d i t i o n , 1 7 : 2 0 1 , ( 1 9 4 5 ) 
I k 
" 0 , D a v i e s , S t a t i s t i c a l M e t h o d s i n R e s e a r c h and P r o d u c t i o n 
( L o n d o n : O l i v e r & B o y d , 1 9 4 7 ) 
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Eor comparison purposes, the standard deviation and coefficient 
of variation obtained by running the National Bureau Of Standards steel 
sample j/411 is included in the above mentioned table. It is readily 
seen that a high degree of precision is reached in this determination. 
This was, of course, according to expectations. In order to check this 
determination for normal distribution of data, the difference between 
the individual ratios and the average ratio showed that 70% of the data 
was included in one standard deviation and 95% was included within two 
standard deviation. According to Churchill, 1 6 this definitely establishes 
the existence of a normal distribution. 
An attempt to dilute the solution with ammonium chloride elimi­
nated the iron and nickel lines from the spectrum with the exception of 
the persistant lines. In addition, an attempt to change the Multisource 
setting from condition 1 to condition 2, as recommended by Nachtrieb, 
gave no improvement in the precision obtained. That this is true can be 
readily seen from an examination of Table I, 
Using the information obtained above, it was felt that the first 
objective of this research had been attained, and the solutions were 
diluted with four volumes of 0.1 N hydrochloric acid in all subsequent 
work. 
Determination of Accuracy. The second objective of this research ?;as to 
construct a suitable working curve so that the accuracy of the copper 
spark method as a quantitative spectrochemical technique might be determined, 
Churchill and J. R. Churchill, "Evaluation of Spectrographs 
Analytical Data", Industrial Engineering Chemistry, Analytical Edition, 
17: 751, (1945) 
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x*or t h i s p u r p o s e , a s e r i e s o f r u n s w e r e made o n t h e s o l u t i o n s t o c o v e r 
t h e r a n g e f r o m 0 . 1 5 0 % n i c k e l t o 0 . 4 0 0 % n i c k e l . The r e s u l t s o f t h i s work 
i s shown i n T a b l e I I . T h e s e v a l u e s w e r e t h e n p l o t t e d o n l o g - l o g p a p e r , 
and t h e w o r k i n g c u r v e o b t a i n e d i s s h o w n i n F i g u r e 1 . The w o r k i n g c u r v e 
i s s e e n t o be a s t r a i g h t l i n e w h i c h i s , o f c o u r s e , a s i t s h o u l d b e . 
I n o r d e r t o t e s t t h e a c c u r a c y o f t h e c o p p e r s p a r k m e t h o d a s a 
r a p i d q u a n t i t a t i v e p r o c e d u r e , i m m e d i a t e u s e w a s made o f t h e w o r k i n g 
c u r v e . Two s o l u t i o n s w e r e s e l e c t e d a s u n k n o w n s . A d d i t i o n a l r u n s w e r e 
made o n t h e s e u n k n o w n s , and t h e r a t i o s o b t a i n e d i n t h e u s u a l manner 
w e r e c o n v e r t e d i n t o p e r c e n t a g e c o m p o s i t i o n w i t h t h e h e l p o f t h e w o r k i n g 
c u r v e . The t w o s o l u t i o n s , u s e d a s u n k n o w n s , c o n t a i n e d b y c h e m i c a l 
a n a l y s i s , 0 . 2 0 0 % n i c k e l a n d 0 . 3 5 0 % n i c k e l . The f i g u r e s o b t a i n e d b y t h e 
c o p p e r s p a r k m e t h o d o f s p e c t r o c h e m i c a l a n a l y s i s w e r e i d e n t i c a l t o t h o s e 
o b t a i n e d b y t h e c h e m i c a l a n a l y s i s . T h i s w a s t r u e , o f c o u r s e , a f t e r a n 
a v e r a g e w a s t a k e n o f f i f t y r e p e a t r u n s o n t h e unknown s o l u t i o n s . The 
s t a n d a r d d e v i a t i o n o f t h e 0 . 2 0 0 % n i c k e l s o l u t i o n was f o u n d t o be 0 . 0 1 7 4 4 
w i t h a c o e f f i c i e n t o f v a r i a t i o n o f b .72%. F o r t h e 0 , 3 5 0 % n i c k e l s o l u t i o n , 
t h e s t a n d a r d d e v i a t i o n w a s f o u n d t o be 0 , 0 2 6 2 1 a n d t h e c o e f f i c i e n t o f 
v a r i a t i o n was 7 , 4 8 % , 
B u r e a u o f S t a n d a r d s S t e e l S a m p l e s . The f i n a l s t e p n e c e s s a r y , i n c a r r y i n g 
o u t t h e o b j e c t i v e s o f t h i s r e s e a r c h , was t o s e l e c t s u i t a b l e s a m p l e s o f 
n i c k e l i n s t e e l f r o m t h o s e o b t a i n a b l e f r o m t h e N a t i o n a l B u r e a u o f s t a n d a r d s . 
I n s e l e c t i n g t h e s e s a m p l e s , i t was d e s i r e d t o c o v e r t h e same r a n g e a s t h a t 
c o v e r e d b y t h e s o l u t i o n s . H o w e v e r , t h i s r a n g e c o u l d o n l y be a p p r o x i m a t e l y 
d u p l i c a t e d a s s h o w n i n T a b l e I V , 
1 8 
T h e s e s a m p l e s w e r e r u n i n e x a c t l y t h e s a n e way a s w e r e t h e s o ­
l u t i o n s w i t h t h e e x c e p t i o n o f t h e f a c t t h a t f i v e s e c o n d s p r e s p a r k was 
a l l o w e d . I n a d d i t i o n , f i l t e r s o n e a n d f i v e p l u s a number n i n e , two s t e p 
f i l t e r was u s e d . T h i s s e t o f f i l t e r s a l l o w e d 8 5 $ o f t h e l i g h t t o e n t e r 
t h e s p e c t r o g r a p h . The e x p o s u r e t i m e , i n c l u d i n g t h e p r e s p a r k t i m e , w a s 
t w e n t y s e c o n d s . 
The p u r p o s e o f t h e t w o s t e p f i l t e r was t o f u r n i s h a means o f o b ­
t a i n i n g a n i n d e x p o i n t . I n o t h e r w o r d s , i t was i m m e d i a t e l y o b v i o u s t h a t 
t h e i n d e x p o i n t w o u l d n o t be r e a c h e d , u s i n g t h e a b o v e m e n t i o n e d s a m p l e s , 
i f c o n t i n u e d u s e was made o f t h e 3 3 7 0 . 7 8 6 A i r o n l i n e a n d t h e 3 4 1 4 . 7 6 5 A 
n i c k e l l i n e . T h i s r e s u l t may s e e m s u r p r i s i n g i n v i e w o f t h e f a c t t h a t a n 
i n d e x p o i n t was r e a c h e d w i t h t h e s o l u t i o n s w h i c h c o n t a i n e d a p p r o x i m a t e l y 
t h e same p e r c e n t a g e o f n i c k e l . H o w e v e r , i f r e f e r e n c e i s made t o t h e t a b l e 
g i v e n o n p a g e 1 1 o f t h i s r e p o r t , i t i s r e a d i l y s e e n t h a t t h e n i c k e l l i n e 
i s more a r c l i k e t h a n t h e i r o n l i n e . A l s o , i t m u s t b e k e p t i n mind t h a t 
when t h e e v a p o r a t e d f i l m o n t h e c o p p e r e l e c t r o d e i s e x c i t e d , v a p o r s w i l l 
accumulate d u r i n g t h e d i s c h a r g e and, c o n s e q u e n t l y , t h e c o n d i t i o n s a r e 
more f a v o r a b l e f o r t h e p r o d u c t i o n o f t h e a r c l i n e s . No s u c h e f f e c t i s 
a c h i e v e d when r u n n i n g t h e s t e e l s a m p l e s a n d , a s a r e s u l t , t h e d i s c h a r g e 
i s l e s s a r c l i k e i n c h a r a c t e r . T h e r e f o r e , i t w o u l d be e x p e c t e d t h a t t h e 
t r a n s m i s s i o n r e a d i n g s o n t h e n i c k e l l i n e w i l l be l e s s f o r t h e s o l u t i o n s 
t h a n f o r t h e s t e e l s a m p l e s . H e n c e , t h e r a t i o o f t h e i r o n l i n e t o t h e 
n i c k e l l i n e w i l l be d i f f e r e n t e v e n t h o u g h t h e same p e r c e n t a g e o f n i c k e l 
e x i s t s i n b o t h c a s e s . 
The o n l y way t h a t a n i n d e x p o i n t c o u l d h a v e b e e n r e a c h e d u n d e r t h e 
19 
old conditions was either to select a new set of lines, or to use 
samples of a higher nickel percentage composition. Neither of these 
procedures was felt to be desirable since a suitable nickel line, that 
might prove useful for this purpose, could not be found near the chosen 
iron line, and the next National Bureau of Standards samples that were 
available contained over 1$ nickel. Therefore, the decision was made to 
use the two step filter. This technique was not, however, without some 
disadvantages. For example, the number of films used were necessarily 
increased two fold. However, the biggest disadvantage lay in the fact 
that the background intensities of the iron line and nickel line were 
different. This meant that a correction for background became a necessi­
ty. The procedure for making the background correction is not difficult 
17 
to apply. Nevertheless, it is time consuming. 
After the decision had been made to apply the above mentioned 
experimental technique to the samples involved, repeat runs were made 
with the results shown in Table III. The working curve obtained is 
shown in Figure 2, and it is readily seen that the desired straight 
line is obtained. 
It is interesting to note that a straight line was obtained for 
these National Bureau of Standards samples in spite of the fact that the 
average composition of each sample was different from the others. However, 
sample
 7fi05, also containing 0.15$ nickel, did not fall on the straight 
line obtained above. This failure was attributed to the fact that sample 
W. 0. Pierce and N. H. Nachtrieb, loc. cit. 
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4 0 5 c o n t a i n e d 1.38% m a n g a n e s e w h i l e t h e o t h e r s a m p l e s i n v o l v e d c o n ­
t a i n e d l e s s t h a n 1 .0% m a n g a n e s e . Sample # 4 0 5 w a s , t h e r e f o r e , n o t 
u s e d . An a n a l y s i s o f t h e s e s a m p l e s i s shown i n T a b l e I V . 
A n o t h e r i n t e r e s t i n g f a c t t h a t was n o t i c e d i n r u n n i n g t h e s e s a m p l e s 
i s t h a t t h e s p e c t r u m o b t a i n e d , u s i n g b o t h e n d s o f t h e same r o d , w e r e n o t 
a l w a y s i d e n t i c a l . T h i s c a n o n l y mean t h a t t h e s t a t e o f a g g r e g a t i o n o f t h e 
v a r i o u s c o n s t i t u e n t s w e r e d i f f e r e n t a t t h e t w o e n d s o f t h e s a m p l e . 
A n o t h e r i m p o r t a n t e x p e r i m e n t a l r e s u l t t h a t m u s t be m e n t i o n e d i s 
t h e f a c t t h a t t h e i n t e n s i t y o f t h e l i n e s o b t a i n e d , u s i n g t h e same e x ­
p o s u r e t i m e , d e p e n d e d u p o n t h e t e m p e r a t u r e o f t h e s a m p l e a t t h e t i m e o f 
s p a r k i n g . I t w a s v e r y n o t i c e a b l e t h a t t h e i n t e n s i t y o b t a i n e d d u r i n g t h e 
f i r s t r u n w a s q u i t e d i f f e r e n t f r o m t h a t o b t a i n e d a f t e r t h e s a m p l e h a d 
b e e n s p a r k e d s e v e r a l t i m e s . H o w e v e r , s i n c e t h i s phenomenon h a d n o e f f e c t 
o n t h e r a t i o s o b t a i n e d , t h i s p o i n t was n o t i n v e s t i g a t e d f u r t h e r . 
Sample # 4 1 3 , c o n t a i n i n g 0 . 1 8 % n i c k e l , waB s e l e c t e d a s t h e unknown 
and a d d i t i o n a l r u n s w e r e m a d e . The r a t i o s o b t a i n e d , a f t e r b a c k g r o u n d 
c o r r e c t i o n s h a d b e e n made , w e r e c o n v e r t e d i n t o p e r c e n t a g e o f n i c k e l i n 
a manner s i m i l a r t o t h a t u s e d f o r t h e s o l u t i o n s . The s p e c t r o c h e m i c a l 
a n a l y s i s c a r r i e d o u t i n t h i s w a y , i n d i c a t e d t h a t t h e p e r c e n t a g e o f n i c k e l 
c o n t a i n e d i n t h e s a m p l e was 0 . 1 8 1 % . The s t a n d a r d d e v i a t i o n was 0 . 0 0 8 9 5 6 , 
t h e mean d e v i a t i o n was 0 . 0 0 7 5 2 4 , and t h e c o e f f i c i e n t o f v a r i a t i o n w a s 
f o u n d t o be 4 . 9 4 % . T h i s i n f o r m a t i o n was d e t e r m i n e d w i t h t h e h e l p o f f i f t y 
t h r e e r e p e a t r u n s o n t h e same s a m p l e . 
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Effect of a Change in Humidity* As a final step in the present re­
search on the copper spark method, the effect of a change in humidity 
was felt desirable* In order to perform this part of the research suc­
cessfully, the air conditioning machine was cut off, the windows opened, 
and the room allowed to stand in this way for several days* At the end 
of this time, those samples which had been used as unknowns in previous 
work, when the temperature and humidity were held constant, were run 
again under the changed conditions* These unknowns were the 0.200% nickel 
solution, the 0*350% nickel solution, and the National Bureau of Standards 
sample #411. The data accumulated for these unknowns, allowing the humidity 
and temperature to vary, are given in Tables VIII, IX,and X, for the 0.200%, 
the 0.350%, and the sample #411, respectively. For purposes of comparison, 
the same data, accumulated while the temperature and humidity were held 
constant, is presented in Tables V, VI, and VII for the 0.200%, the 0.350%, 
and the sample #411, respectively. The ratios shown in these tables are 
those calculated in the usual way, namely, the ratio of the transmission 
reading taken on the nickel line to that taken on the iron line. The per­
centages were obtained with the aid of the working curves made available 
by earlier work already described. Statistical tests were applied to the 
data accumulated in this way, and the results are shown in Table XI. 
It would be difficult to reach any definite conclusion regarding 
the effect of humidity from the information given in the table indicated 
above. However, much can be said in favor of maintaining the temperature 
and humidity constant since it can be readily seen that in this case, the 
spectrographs analysis of the unknowns is identical to the chemical 
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a n a l y s i s . F u r t h e r m o r e , t h e s t a t i s t i c a l t e s t s i n d i c a t e t h a t t h e d a t a 
a r e more p r e c i s e i n a l l c a s e s w i t h t h e e x c e p t i o n o f t h e N a t i o n a l B u r e a u 
o f S t a n d a r d s s a m p l e # 4 l l « 
A t t e n t i o n i s c a l l e d t o t h e f a c t t h a t , w i t h t h e t e m p e r a t u r e and 
h u m i d i t y v a r y i n g , a c u r v e s h i f t i s o b t a i n e d w i t h t h e 0 , 2 0 0 $ n i c k e l 
s o l u t i o n and s a m p l e # 4 1 1 . H o w e v e r , i t i s h a r d l y p o s s i b l e t o a c c o u n t 
f o r t h i s b y h o l d i n g t h e c h a n g e i n h u m i d i t y and t e m p e r a t u r e a s r e s p o n ­
s i b l e . T h i s i s t r u e s i n c e n o c u r v e s h i f t o c c u r r e d w i t h t h e 0 , 3 5 0 $ 
n i c k e l s o l u t i o n . The d a t a on e a c h unknown was c o l l e c t e d o n d i f f e r e n t 
d a y s , and w i t h t h e e x c e p t i o n o f t h e c h a n g e i n h u m i d i t y and t e m p e r a t u r e 
i n t h o s e c a s e s i n d i c a t e d , n o o t h e r c h a n g e w a s m a d e . T h e r e f o r e , t h e 
r e a s o n f o r t h e c u r v e s h i f t i n t h e two c a s e s i n d i c a t e d i s t o o o b s c u r e 
f o r a n e x p l a n a t i o n t o be g i v e n . 
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VIII CONCLUSIONS 
In conclusion, it might he restated that the copper spark method 
of spectrochemical analysis offers to the chemist an excellent means 
for the rapid analysis of any sample that can be obtained in a hydro­
chloric acid solution. The extreme sensitivity claimed for this method 
was clearly shown in the present work since only 0.00007 mg. of nickel 
was used while running the 0.100% solution. This small amount was easily 
detected in spite of the fact that only 32% of the light produced by 
the sparking was utilised. Therefore, the use of copper electrodes 
in place of the conventional graphite is highly recommended for the 
detection of small traces of an element, while at the same time avoiding 
interference from cyanogen bands. Furthermore, a quick and easy method 
will be provided for obtaining a smooth surface on the electrodes if 
use is made of the electrode cutting device described in this report. 
Thus, the difficulty of machining the electrodes is eliminated. 
The practicability of the copper spark method as a quantitative 
analytical technique has been demonstrated for nickel-iron solutions. 
Suitable working curves were obtained, and the results of the spectro­
graphs procedure for analyzing unknown solutions has been shown to be 
identical to that of a chemical analysis. However, it must be pointed 
out that an average of a large number of repeat runs must be made in 
order to reach this degree of accuracy. For example, the average per­
centage composition calculated by using only the first twenty readings 
shown in Tables V, VI, and VII is 0.205,;, 0.347%,and 0.1794% for the 
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0 . 2 0 0 $ nickel solution, the 0 . 3 5 0 $ nickel solution, and sample //411. 
For this reason, at least fifty repeat runs are recommended as the 
minimum required for best results. 
When compared with the National Bureau of Standards steel samples, 
it is readily seen that the data accumulated by the copper spark method 
is less precise. However, it must be remembered that the analysis of 
nickel in these steel samples is considered to be one of the most precise 
of all spectrochemical determinations.18 Therefore, in spite of the fact 
that the degree of precision reached is not the maximum obtainable in 
the spectrographs laboratory, the copper spark method remains an im­
portant analytical procedure. This is due to the fact that the method is 
not limited to those samples obtainable only in the form of alloys. 
The scope of the samples that may be analyzed by this technique is very 
general in nature, and can be applied to any sample obtainable in a 
hydrochloric acid solution. 
F. Hasler and J. 1 7 . Kemp, loc. cit. 
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TABLE I: Statistical Data on Solutions 
Standard Coefficient 
Sample No. of Runs Mean Ratios* Deviation of Variation 
1 49 1.340 0.1160 8.7 
2 40 0.834 0.0288 3.4 
3 40 0.827 0.0235 2.8 
4 56 0.948 0.0253 2.6 
5 33 0.936 0.0308 3.3 
6 30 0.921 0.0305 3.3 
7 50 0.883 0.0279 3.2 
8 56 0.641 0.0173 2.7 
9 56 0.752 0.0256 3.4 
•arithmetic mean of the ratios of the nickel line intensity to the iron 
line intensity. 
The identity of the samples as well as the temperature, humidity, 
and Multisource setting under which the above data was accumulated is 
indicated in the table below. 
Multi-
Sample(Identity) Temp. Humidity source 
1(0.200$ soln as originally prepared) 76 F 74.5$ Cond 1 
2(0.100$ soln as originally prepared) 74 78.0 Cond 1 
3(0.100$ soln diluted with 2 vol distilled water) 74 78.0 Cond 1 
4(0.100$ soln diluted with 4 vol 0.1 N HC1) 75 78.0 Cond 1 
5(0.100$ soln diluted with 6 vol 0.1 N HC1) 75 78.0 Cond 1 
6(0.100$ soln diluted with 5 vol distilled water) 75 78.0 Cond 1 
7(0.200$ soln diluted with 4 vol o.l N HC1) 75 78.0 Cond 1 
8(National Bureau of Standards Sample #411) 75 78.0 Cond 1 
9(0.200$ soln diluted with 4 vol 0.1 N HC1) 78 75.0 Cond 2 
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TABLE II: Data for Solution Working Curve 
Solution No. of Headings Mean Ratio 
0.150$ Ni 20 0.800 
0.200 50 0.883 
0.250 20 0.965 
0.300 20 1.017 
0.350 50 1.080 
0.400 20 1.125 
Index Point: 0.280$ 
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TABLE III: Data for National Bureau of Standards Working Curve 
Sample Percent Nickel No. of Readings Mean Ratio 
410 0.13 20 0.501 
407 0.15 21 0.592 
413 0.18 53 0.747 
403 0.23 21 1.007 
411 0.29 21 1.332 
Index Point: 0.23$ 
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TABLE IV: Analysis of National Bureau of Standards Samples 
Sample Mn Si Cu Ni Cr V Mo Al 
411 0.65 0.14 0.065 0.29 0.91 0.003 0.15 -
403 0.89 0.25 0.16 0.23 0.28 0.045 0.060 0.005 
413 0.67 0.22 0.25 0.18 0.055 0.007 0.006 -
407 0.79 0.29 0.09 0.15 1.15 0.19 0.035 0.055 
410 0.38 0.30 0.11 0.13 2.30 0.004 0.97 -
405 1.38 0.19 0.12 0.15 0.18 0.010 0.010 -
Standards in the 400 series are rods 7/32 inch in diameter, 4 inches long 
30 
TABLE V: Data on 0.200$ Nickel Solution (Humidity Constant) 
Ratio Percent Nickel Ratio Percent Nickel 
0.910 0.217 0.885 0.201 
0.89b 0.207 0.910 0.217 
0.895 0.207 0.950 0.243 
0.875 0.195 0.880 0.198 
0.925 0.227 0.870 0.192 
0.915 0.221 0.855 0.182 
0.895 0.207 0.905 0.213 
0.875 0.195 0.887 0.202 
0.890 0.204 0.865 0.188 
0.905 0.213 0.865 0.188 
0.905 0.213 0.895 0.207 
0.890 0.204 0.880 0.198 
0.890 0.204 0.845 0.177 
0.892 0.205 0.815 0.159 
0.850 0.179 0.835 0.171 
0.830 0.168 0.875 0.195 
0.875 0.195 0.850 0.17 9 
0.945 0.241 0.840 0.174 
0.895 0.207 0.890 0.204 
0.860 0.185 0.905 0.213 
0.880 0.198 0.925 0.227 
0.898 0.209 0.875 0.195 
0.885 0.201 0.870 0.192 
0.880 0.198 0.908 0.216 
0.850 0.179 0.840 0.174 
Mean Percentage : 0.200$ 
Mean Deviation : 0.0135 
Standard Deviation : 0.0174 
Coefficient of Variation: 8.7$ 
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TABLE VI: Data on 0.350/0 Nickel Solution (Humidity Constant) 
Ratio Percent Nickel Ratio Percent Nickel 
1.140 0.406 1.110 0.377 
1.140 0.406 1.120 0.387 
1.100 0.368 1.050 0.323 
1.080 0.350 1.050 0.323 
1.090 0.359 1.080 0.350 
1.045 0.318 1.110 0.377 
1.080 0.350 1.050 0.323 
1.110 0.377 1.085 0.354 
1.020 0.299 1.060 0.332 
1.090 0.359 1.090 0.359 
1.045 0.318 1.065 0.336 
1.060 0.332 1.050 0.323 
1.080 0.350 1.075 0.345 
1.050 0.323 1.065 0.336 
1.000 0.280 1.100 0.368 
1.080 0.350 1.095 0.363 
1.065 0.336 1.110 0.377 
1.030 0.307 1.080 0.350 
1.100 0.368 1.070 0.340 
1.110 0.377 1.040 0.314 
1.065 0.336 1.090 0.359 
1.105 0.372 1.090 0.359 
1.130 0.396 1.080 0.350 
1.075 0.345 1.115 0.381 
1.135 0.401 1.040 0.314 
Mean Percentage : 0.350% 
Mean Deviation : 0.0212 
Standard Deviation : 0.0262 
Coefficient of Variation: 7.5% 
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TABLE VII: Data on National Bureau of Standards Sample 413(0.18$ Ni) 
(Humidity Constant) 
Ratio Percent Nickel Ratio Percent Nickel 
0.775 0.1865 0.690 0.1700 
0.817 0.1950 0.725 0.1770 
0.725 0.1770 0.730 0.1780 
0.757 0.1834 0.710 0.1740 
0.740 0.1795 0.695 0.1705 
0.735 0.1790 0.817 0.1950 
0.720 0.1755 0.820 0.1955 
0.710 0.1740 0.698 0.1710 
0.712 0.1742 0.770 0.1855 
0.710 0.1740 0.745 0.1800 
0.740 0.1795 0.717 0.1753 
0.695 0.1705 0.732 0.1784 
0.810 0.1935 0.780 0.1880 
0.770 0.1855 0.730 0.1780 
0.755 0.1830 0.723 0.1765 
0.705 0.1730 0.773 0.1865 
0.715 0.1750 0.768 0.1850 
0.710 0.1740 0.697 0.1710 
0.680 0.1680 0.768 0.1850 
0.780 0.1880 0.788 0.1890 
0.715 0.1750 0.785 0.1885 
0.700 0.1720 0.748 0.1805 
0.655 0.1625 0.817 0.1950 
0.735 0.1790 0.835 0.1980 
0.705 0.1730 0.850 0.2100 
0.780 0.1880 0.830 0.1970 
0.790 0.1895 
Mean Percentage : 0.181$ 
Mean Deviation : 0.00752 
Standard Deviation : 0.00896 
Coefficient of Variation: 4.9$ 
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TABLE VIII: Data on 0.200% Nickel Solution (Humidity Varies) 
Ratio Percent Nickel Ratio . Percent Nickel 
0.835 0.171 0.833 0.170 
0.835 0.171 0.855 0.182 
0.785 0.144 0.868 0.190 
0.800 0.150 0.847 0.178 
0.805 0.153 0.825 0.165 
0.820 0.162 0.880 0.198 
0.860 0.185 0.830 0.168 
0.853 0.181 0.845 0.177 
0.823 0.164 0.870 0.192 
0.840 0.174 0.850 0.179 
0.820 0.162 0.835 0.171 
0.850 0.179 0.885 0.201 
0.810 0.156 0.865 0.188 
0.860 0.185 0.835 0.171 
0.830 0.168 0.863 0.187 
0.860 0.185 0.830 0.168 
0.780 0.141 0.865 0.188 
0.835 0.171 0.815 0.159 
0.853 0.181 0.790 0.147 
0.815 0.159 0.835 0.171 
0.885 0.201 0.855 0.182 
0.900 0.204 0.875 0.195 
0.835 0.171 0.855 0.182 
0.870 0.192 0.845 0.177 
0.835 0.171 0.865 0.188 
0.840 0.174 0.820 0.162 
0.775 0.139 0.820 0.162 
0.878 0.197 
Mean Percentage : 0.174% 
Mean Deviation : 0.0124 
Standard Deviation : 0.0156 
Coefficient of Variation: 8.9% 
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TABLE IX: Data on 0,350$ Nickel Solution (Humidity Varies) 
Ratio Percent Nickel Ratio Percent Nickel 
1,160 0,420 1.015 0.293 
1.110 0.377 1.000 0,280 
1.080 0.350 1.055 0.327 
1.100 0.368 1.025 0.303 
1.060 0.332 1.005 0.284 
1.040 0.314 1.040 0.314 
1.020 0.299 1.070 0.340 
1.085 0.354 1.090 0.359 
1.150 0.381 1,105 0.372 
1.190 0.441 1,065 0.336 
1.160 0.420 1.090 0.359 
1.170 0.427 1.065 0.336 
1.105 0.372 1.090 0.359 
1.110 0.377 1.100 0.368 
1.070 0.340 1.060 0.332 
1.120 0.387 1.065 0.336 
1.045 * 0.318 1.045 0.318 
1.060 0.332 1,040 0.314 
1.150 0.413 1.050 0.323 
1.100 0.368 1.000 0.280 
1.150 0,413 1.070 0.340 
1.140 0.406 1.045 0.318 
1.100 0.368 1.090 0.359 
1.090 0.359 1.005 0.284 
1.085 0.354 1.120 0.387 
1.095 0.363 1.060 0.332 
1.075 0.345 1,025 0.303 
1.115 0.381 
Mean Percentage : 0.350$ 
Mean Deviation : 0.0308 
Standard Deviation : 0.0387 
Coefficient of Variation: 11.0$ 
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TABLE X: Data on National Bureau of Standards Sample 413(0.18% Ni) 
(Humidity Varies) 
Ratio Percent Nickel Ratio Percent Nickel 
0.638 0.1590 0.698 0.1710 
0.650 0.1615 0.715 0.1750 
0.644 0.1605 0.705 0.1730 
0.663 0.1645 0.678 0.1670 
0.650 0.1615 0.675 0.1665 
0.678 0.1670 0.630 0.1575 
0.698 0.1710 0.723 0.1765 
0.750 0.1815 0.715 0.1750 
0.733 0.1790 0.688 0.1695 
0.673 0.1665 0.728 0.1777 
0.680 0.1680 0.665 0.1645 
0.688 0.1695 0.678 0.1670 
0.638 0.1590 0.693 0.1705 
0.683 0.1685 0.620 0.1555 
0.688 0.1695 0.690 0.1700 
0.725 0.1770 0.750 0.1815 
0.680 0.1680 0.720 0.1755 
0.750 0.1815 0.663 0.1645 
0.715 0.1750 0.690 0.1700 
0.695 0.1705 0.655 0.1625 
0.688 0.1695 0.665 0.1645 
0.677 0.1670 0.690 0.1700 
0.698 0.1710 0.713 0.1745 
0.678 0.1670 0.688 0.1695 
0.730 0.1780 
Mean Percentage : 0.169% 
Mean Deviation : 0.00483 
Standard Deviation : 0.00630 
Coefficient of Variation: 3.7% 
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TABLE XI: Statistical Data on Unknowns 
Humidity Constant Humidity Varies 
Sample 0.200$ 0.350$ #411 0.200$ 0350$ #411 
No. of Runs 50 50 53 55 55 49 
Msan Percentage 
Ratio 
0.200 0.350 0.181 0.174 0.350 0.169 
Temperature (°F) 75 75 77 82-84 81-83 80-82 
Humidity ($) 78 78 78 76-80 76-80 79-80 
Mean Deviation 0.0135 0.0212 0.00752 0.0124 0.0308 0.00483 
Standard 
Deviation 0.0174 0.0262 0.00896 0.0156 0.0387 0.00630 
Coefficient of 
Variation 8.7 7.5 4.9 8.9 11.0 3.7 
SOLUTION WORKING CURVE 
.15 .20 .» 30 35" .40 
PERCENT NICKEL 
J I I I L_ 
.13 .6 .18 23 .29 
PERCENT NICKEL 
